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INTRODUCTION 


The  Department  of  Defense  (DOD)  has  numerous  munitions  facilities 
engaged  in  tlie  production  of  the  various  types  of  explosives  and  munitions 
used  by  the  military  services.  In  most  cases  the  production  of  ammunition 
utilizes  assembly-line  procedures.  Projectiles  pass  through  various 
stages  of  preparation;  filling  with  explosive,  fuzing,  marking,  and 
packing.  Hazardous  operations,  such  as  the  filling  of  the  projectile 
case  with  explosive  in  a powder  form  and  the  compaction  of  the  powder  by 
hydraulic  press,  are  accomplished  in  protective  cells  intended  to 
confine  the  effects  of  an  accidental  explosion.  Most  of  the  existing 
production  facilities  were  built  in  the  1940’s.  With  few  exceptions, 
the  manufacturing  technology  and  existing  equipment  represent  the  state- 
of-the-art  as  of  1940.  The  production  equipment  was  operated  extensively 
during  World  War  II,  again  during  the  Korean  conflict,  and  recently 
during  the  Soutlieast  Asia  war.  Much  of  this  equipment  and  the  housing 
structures  have  been  operating  beyond  their  designed  capacities  [1]. 

DOD  is  conducting  an  ammunition  plant  modernization  program  approaching 
$4  billion  with  possible  expenditures  of  $500  million  a year  [2].  The 
modernization  program  is  intended  to  greatly  enhance  safety  in  the 
production  plants  by  protective  construction,  automated  processing,  and 
reduction  of  personnel  involved  in  hazardous  operations. 

In  1969  a tri-service  manual  [3]  was  published  to  provide  guidance 
to  the  structural  designers  of  munition  plants.  The  objectives  of  the 
manual  were  to  establish  design  procedures  and  construction  techniques 
to  prevent  propagation  of  explosions  from  one  building,  or  part  of  a 
building,  to  another;  to  prevent  mass  detonations;  and  to  provide  protec- 
tion for  personnel  and  equipment.  The  manual  establishes  blast-load 
parameters  required  for  design  of  protective  structures,  provides  methods 
for  calculating  the  dynamic  response  of  concrete  walls,  and  establislies 
construction  details  to  develop  required  strength.  The  design  method 
used  accounts  for  close-in  effects  of  a detonation  with  its  associated 
high  pressures  and  nonuniformity  of  loading  on  protective  barriers.  A 
detailed  method  for  assessing  the  degree  of  protection  afforded  by  a 
protective  facility  did  not  exist  prior  to  this  manual^ s publication; 
consequently,  the  manual  represents  a significant  improvement  in  design 
methods.  The  simplifications  made  in  the  development  of  the  design 
procedures  have  been  presented  in  the  manual.  The  analysis  of  a structure 
using  the  design  procedure  will  generally  result  in  a conservative 
estimate  of  the  structure's  capacity;  therefore,  structures  designed 
using  these  procedures  will  generally  be  adequate  for  blast  loads 
exceeding  the  assumed  load  conditions  [3]. 
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Even  with  the  simplifications  presented  in  Reference  3 the  computa- 
tional procedures  are  complex  and  time-consuming.  An  automated  procedure 
was  required  to  give  structural  designers  the  capability  to  perform 
rapid  analysis  of  the  structural  safety  of  blast-resistant  construction. 


OBJECTIVE 

The  objective  of  this  work  was  to  automate  the  analysis  procedures 
for  determining  the  dynamic  structural  response  of  reinforced  concrete 
slabs  having  a bilinear  stiffness  representation  and  subject  to  blast 
overpressure.  The  concrete  slabs  are  the  basic  element  forming  side- 
v^Jalls,  roofs,  and  floors  of  cells  designed  to  confine  the  effects  of 
accidental  explosions. 


COMPUTER  PROGRAM 

Description  of  Computer  Program 

The  computer  program  was  written  in  FORTRAN  IV  for  use  with  Control 
Data  6600  series  computers.  The  program  consists  of  a main  routine  and 
12  subroutines. 

Main  Program.  The  main  program  reads  in  the  explosive  weight  and 
cell  geometry.  Subroutine  EQUIV  is  called  by  the  main  program  to  compute 
the  equivalent  spherical  weight  of  TNT,  and  then  Subroutine  PIC  calculates 
the  blast  impulse  acting  on  the  slab.  The  main  program  determines  the 
duration  and  pressure  level  of  an  equivalent  triangular  pressure  loading 
using  the  geometry  of  the  wall  and  charge  location.  The  main  program 
then  calls  Subroutine  SSTIFF  which  determines  the  slabs  resistance, 
stiffness,  and  equivalent  mass.  Having  this  information  the  program 
then  determines  the  response  of  the  slab  modeled  as  an  equivalent  dynamic 
single  degree-of-f reedom  system  with  bilinear  stiffness  and  triangular 
pressure  loading.  The  solution  technique  is  based  on  the  incremental 
solution  of  the  differential  equations  of  motion.  The  changing  stiffness 
and  loading  are  considered  in  the  solution,  and  the  maximum  deflection 
and  velocity  are  noted. 

The  thickness  of  sand  is  required  as  input  data  if  the  blast  wall 
is  made  of  composite  construction  having  2 slabs  with  sand  fill.  The 
program  computes  the  impulse  capacity  of  the  first  slab  using  half  the 
mass  of  the  sand  as  acting  with  the  wall.  Figures  6-38  and  6-39  of 
Reference  3 give  the  attenuation  of  the  blast  wave  in  the  sand  for 
evaluation  of  the  impulse  capacity  of  the  second  wall;  the  scaled  para- 
meters required  are  given  in  the  program  output. 

Subroutine  SSTIFF.  This  subroutine  reads  in  the  slab  material 
properties,  thickness,  areas  of  reinforcing  steel,  slab  support  conditions, 
and  allowable  rotation  capacity.  Using  the  general  procedures  given  in 
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Reference  3,  the  subroutine  determines  the  moment  capacity,  section 
properties,  shear  strength,  location  of  yield  line,  resistance  of  the 
slab,  maximum  allowable  deflection,  and  stiffness.  Seven  support 
condition  options  are  considered  for  a slab. 

1.  Bottom  side  fixed,  three  sides  free 

2.  Two  adjacent  sides  fixed,  two  sides  free 

3.  Three  sides  (two  vertical  and  bottom  horizontal)  fixed,  one 
side  free 

4.  Four  sides  fixed 

5.  Two  horizontal  sides  fixed,  two  vertical  sides  free 

6.  Two  horizontal  sides  simple  support,  two  vertical  sides  free 

7.  One  horizontal  side  fixed,  opposite  horizontal  side  simple, 
two  vertical  sides  free. 

These  combinations  can  be  used  to  represent  side  walls,  backwalls, 
roofs  and  beams  found  in  typical  construction. 

Subroutine  PIC.  Subroutine  PIC  was  developed  by  Picatinny  Arsenal 
[4]  to  determine  the  blast  impulse  on  slabs.  The  program  was  modified 
by  the  Naval  Surface  Weapons  Center,  White  Oak  Laboratory  [5]  to  facili- 
tate geometry  conditions  and  running  time.  The  program  incorporates 
experimental  pressure  and  impulse  data  which  it  uses  to  calculate  the 
impulse  on  a grid  covering  the  slab.  The  program  determines  the  reflec- 
tions from  sidewalls,  floor,  and  roof  and  uses  this  data  to  determine 
the  total  average  reflected  impulse  on  the  slab. 

Subroutine  SCRIP.  This  subroutine  determines  the  impulse  reflected 
from  the  wall  for  each  grid  point  on  the  blast  wall. 

Subroutine  HBA.  This  subroutine  determines  the  scaled  height  of 
the  Mach  stem  triple  point  at  a given  scaled  distance  from  a charge  at  a 
specified  scaled  height  above  the  ground. 

Subroutine  RATIO.  This  subroutine  calculates  the  length/height 
ratio  for  the  blast  wall,  the  charge-weight /wall-height  ratio,  and 
several  other  ratios  needed  in  Subroutine  PIC.  The  subroutine  restricts 
these  ratios  to  lie  within  certain  limits  representing  the  range  of 
validity  for  the  procedure. 

Subroutine  GRID.  This  subroutine  determines  the  number  of  grid 
points  on  the  blast  wall  at  which  values  of  the  reflected  impulse  are  to 
be  calculated.  A minimum  of  5 x 5 and  a maximum  of  21  x 21  grid  points 
can  be  chosen.  The  routine  chooses  the  minimum  odd  number  of  grid 
points  along  the  length  and  along  the  height  of  the  blast  wall  which 
will  assure  that  the  projection  of  the  charge  center  in  the  blast  wall 
falls  within  0.2  foot  from  both  a horizontal  and  a vertical  line  of  grid 
points. 
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Subroutine  INTERP.  This  subroutine  performs  linear  and  logarithmic 
interpretation  among  a set  of  points  representing  a planar  curve;  the 
values  representing  the  abscissa  can  be  in  either  ascending  or  descending 
order.  The  routine  is  used  to  interpolate  between  TNT  data  points. 

Subroutine  EQUIV.  This  subroutine  computes  the  equivalent  spherical 
weight  of  TNT,  taking  into  account  the  type  of  explosive,  the  shape  and 
the  projectile  case.  The  routine  uses  subroutines  HEDATA,  ARDC,  SHOCK 
and  TNT. 

Subroutine  HEDATA.  This  subroutine  contains  tables  of  explosive 
components. 

Subroutine  ARDC.  This  subroutine  computes  standard  atmospheric 
pressure  and  temperature  for  a given  altitude. 

Subroutine  SHOCK.  This  subroutine  calculates  shape  and  case  equiva- 
lency factors  and  the  incident  and  reflected  overpressure  at  a given 
distance. 

Subroutine  TNT.  This  routine  contains  data  for  a 1-lb  TNT  free  air 
explosion. 

Program  Input 

The  program  input  consists  of  five  cards  per  case.  Additional 
cases  may  be  stacked  together.  A blank  card  is  used  after  the  last 
case. 

The  users  guide  contained  in  the  program  is  given  here  to  assist  in 


understanding  the 

input. 

CARD  1 

FROM 

TO 

COL  2 

COL  70 

HEADING 

COL  71 

COL  80 

FLAG  EQ  0 FOR  PRESSURE  CALCULATION  EQ  1. 
FOR  INPUT  PRESSURE 

CARD  2 

COL  1 

COL  10 

WEIGHT  OF  ACTUAL  EXPLOSIVE  LB 

COL  11 

COL  20 

EXPLOSIVE  NUMBER  SEE  TABLE  2 

COL  21 

COL  30 

EXPLOSIVE  LENGTH/DIAMETER  RATIO 

COL  31 

COL  40 

PROJECTILE  CASE  l^nEIGHT/EXPLOSIVE  WEIGHT  RATIO 

COL  41 

COL  50 

AMBIENT  PRESSURE  PSIA  (DEFAULT  14.69  PSI) 

COL  51 

COL  60 

AMBIENT  TEMPERATURE  °C  (DEFAULT  20°) 

COL  61 

COL  70 

ALTITUDE  KFT  (WHEN  PRESSURE  AND  TEMPERATURE 
NOT  SPECIFIED) 
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CARD  3 


COL 

1 

COL  10 

RA  DISTANCE  CHARGE  TO  WALL  FT  or 
EQUAL  IMPULSE  PSI-MS  IF  FLAG=1.0 

COL 

11 

COL  20 

H WALL  HEIGHT  FT 

COL 

21 

COL  30 

EL  WALL  LENGTH  FT 

COL 

31 

COL  40 

HLIT  HEIGHT  CHARGE  FT  OR  EQUAL 
PRESSURE  PSI  IF  FLAG=1.0 

COL 

41 

COL  50 

ELLIT  DISTANCE  CHARGE  TO  LEFT 
SIDE  WALL  FT  OR  EQUAL  DURATIN 
MS  IF  FLAG=1.0 

COL 

51 

COL  60 

TSAND  SAND  THICKNESS  FT 

COL 

71 

EQ1  FOR  FLOOR  REFLECTION 

COL 

72 

EQ1  FOR  ROOF  REFLECTION 

COL 

73 

EQ1  FOR  LEFT  WALL  REFLECTION 

COL  74 
CARD  4 

EQ1  FOR  RIGHT  WALL  REFLECTION 
OTHERWISE  EQ  0 

COL 

1 

COL  10 

FC  DYNAMIC  CONCRETE  STRESS  PSL 

COL 

1 1 

COL  20 

FY  DYNAMIC  STEEL  STRESS  PSL 

COL 

21 

COL  30 

TC  THICKNESS  CONCRETE  IN. 

COL 

31 

COL  40 

THETA  ALLOWABLE  ROTATION  DEGREES 

COL 

41 

COL  42 

NSIDE  NUMBER  OF  SIDES  WALL  FIXED 

1.0 

BOTTOM  SIDE  FIXED 

2.0 

BOTTOM  AND  SIDE  FIXED 

3.0 

2 SIDES  AND  BOTTOM  FIXED 

4.0 

4 SIDES  FIXED 

5.0 

SIMPLE  SUPPORTED  BEAM 
TOP  AND  BOTTOM 

FIXED  AT 

6.0 

FIXED  BEAM  AT  TOP  AND 

BOTTOM 

7.0 

BEAM  BOTTOM  FIXED  TOP 

SIMPLE 

CARD  5 

COL 

1 

COL 

TO 

ASVT  AREA 

COL 

1 1 

COL 

20 

ASVB  AREA 
SIDE/FT 

COL 

21 

COL 

30 

ASHT  AREA 
SIDE/FT 

COL 

31 

COL 

40 

ASHB  AREA 
SIDE/FT 

COL 

41 

COL 

50 

DVT  DEPTH 
SIDE  IN. 

COL 

51 

COL 

60 

DVB  DEPTH 
SIDE  IN. 

COL 

61 

COL 

70 

DHT  DEPTH 
SIDE  IN. 

COL 

71 

COL 

80 

DHB  DEPTH 
IN.  DEPTl 
CENTER  OF 

VERTICAL  STEEL  BLAST  SIDE/FT 
VERTICAL  STEEL  OPPOSITE 

HORIZONTAL  STEEL  BLAST 

HORIZONTAL  STEEL  OPPOSITE 

TO  VERTICAL  STEEL  BLAST 

TO  VERTICAL  STEEL  OPPOSITE 

TO  HORIZONTAL  STEEL  BLAST 

TO  HORIZONTAL  STEEL  OPPOSITE  SIDE 
[ FROM  OUTER  CONCRETE  SURFACE  TO 
BAR 


NOTE:  All  values  fixed  point  except  reflection  code. 
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The  explosive  number  refers  to  the  list  of  explosives  in  Table  1 . 

This  is  used  to  compute  explosive  equivalence.  The  length/diameter 
ratio  for  an  explosive  sphere  is  0.0  which  gives  a shape  factor  of  1.0. 

For  an  uncased  explosive  the  case  explosive  weight  ratio  is  0.  For  sea 
level  calculations  the  ambient  air  pressure  P^irib  temperature  Tamb 
and  altitude  may  be  left  blank  and  will  default  to  14.69  psi  and  20^C. 

If  the  flag  in  the  heading  card  is  set  to  1,  the  impulse,  duration,  and 
pressure  are  read  on  card  3.  If  the  flag  is  left  blank,  the  charge-wall 
distance,  R height,  and  distance  from  the  left  side  are  read.  If  NSIDE 
is  left  blank,  the  program  sums  the  number  of  reflecting  sidewall 
surfaces  specified  on  card  3.  The  separate  use  of  NSIDE  side  is  useful 
when  a frangible  wall  is  present,  which  creates  a shock  reflection  but 
does  not  provide  any  support. 

Figure  1 is  a data  input  form  which  may  be  used  to  simplify  the 
preparation  of  data. 

Example  Problems 

The  first  example  is  a sidewall  of  a blast  cell  with  a roof.  The 
concrete  wall  is  32  feet  long,  12  feet  high,  2 feet  thick  with  4 feet  of 
sand  in  composite  action.  Note  that  half  the  input  thickness  of  the 
sand  will  be  used  by  the  program  as  added  mass  to  the  wall.  The  wall  is 
restrained  at  the  floor,  roof,  and  left  side;  the  right  side  is  free. 

Since  the  three-side-f ixed  option  condition  assumes  the  sides  and  the 
bottom  to  be  fixed,  the  wall  must  be  reoriented  when  filling  out  the 
input  form  (Figure  2).  Thus  a height  of  32  feet  and  length  of  12  feet 
is  used  to  properly  orient  the  free  edge.  An  allowable  support  rotation 
of  12  degrees  is  used  wliich  assumes  lacing  reinforcement  will  be  used. 

Figure  3 gives  the  results  of  the  analysis.  The  blast  impulse  of 
2,230  psi-ms  was  determined.  The  section  properties  are  given.  The 
shear  exceeds  the  allowable,  and  lacing  must  be  provided  for  the  difference. 
The  yield- line  location  is  given.  An  ultimate  resistance  of  101.9  psi 
and  a stiffness  of  896  psi  were  determined.  The  impulse  capacity  of  the 
wall  is  4,135  psi-ms,  which  is  much  greater  than  the  loading  of  2,230 
psi-ms,  indicating  the  design  is  conservative.  If  a second  wall  of  the 
same  construction  were  present  and  acted  with  the  first  in  composite 
construction.  Figures  6-38  and  6-39  of  Reference  3 could  be  used  to 
determine  its  impulse  capacity  and  the  total  capacity  of  both  walls, 
using  the  scaled  values  of  impulse,  sand,  and  concrete  thicknesses. 

Figure  4 gives  the  input  data  of  a second  example  for  a roof  of  a 
blast  cell  32  by  15  feet.  The  32-foot  side  is  used  as  the  height  to 
agree  with  the  fixity  condition.  Figure  5 presents  the  computer  analysis. 

In  this  case  sand  fill  is  not  present  and  the  wall  response  is  calculated. 

A maximum  deflection  of  19.27  inches  was  determined  and  may  be 
compared  with  the  allowable  12-degree-rotation  deflection  of  18.6  inches. 

In  this  case,  the  maximum  deflection  exceeds  the  12-degree-rotation 
deflection,  and  collapse  of  the  wall  is  indicated.  The  average  and 
maximum  scale  velocity  are  given.  The  appendix  gives  two  additional 
examples,  comparing  hand  calculations  with  computer  results. 
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Table  1 . List  of  Explosives 


Explosive 

Number 

Explosive  Name  and  Composition 

1 

TNT 

2 

TNETB 

3 

EXPLOSIVE  D 

4 

PENTOLITE  (PETN/TNT  50/50) 

5 

PICRATOL  (EXPLOSIVE  D/TNT  52/48) 

6 

CYCLOTOL  (RDX/TNT  70/30) 

7 

COMP  B (RDX/TNT/WAX  59.4/39.6/1.0) 

8 

RDX/WAX  (98/2) 

9 

COMP  A- 3 (RDX/WAX  91/9) 

10 

TNETB/AL  (90/10) 

1 1 

TNETB/AL  (78/22) 

12 

TNETB/AL  (72/28) 

13 

TNETB/AL  (65/34) 

14 

TRITONAL  (TNT/AL80/70) 

15 

RDX/AL/WAX  (88/10/2) 

16 

RDX/AL/WAX  (89/20/2) 

17 

RDX/AL/WAX  (74/21/5) 

18 

RDX/AL/WAX  (74/22/4) 

19 

RDX/AL/WAX  (62/33/5) 

20 

TORPEX  II  (RDX/TNT /AL  42/40/18) 

21 

H6  (RDX/TNT/AL/WAX  45/29/21/5) 

22 

HBX-1  (RDX/TNT/AL/WAX  40/38/16/5) 

23 

HBX-3  (RDX/TNT/AL/WAX  31/29/35/5) 

24 

TNETB/RDX/AL  39/26/35 

25 

ALUMINUM 

26 

WAX 

27 

RDX 

28 

PETN 

29 

TETRYL 

7 


DISCUSSION 


In  general,  the  methods  used  in  the  computer  program  follow  Reference 

3 and,  as  such,  the  accuracy  of  both  is  the  same.  The  solution  of  the 
dynamic  response  equation  of  motion  has  been  found  to  agree  very  closely 
with  the  response  chart  of  Reference  3.  Additionally,  the  solution 
covers  a wider  range  and,  thus,  is  more  accurate  in  the  areas  not  defined 
by  the  response  chart.  When  the  loading  is  less  than  one  hundredth  of 
the  natural  period,  the  response  is  determined  by  impulse  equilibrium. 

The  basic  dynamic  model  is  limited  to  one  mode  of  response  and  does  not 
consider  higher  modes. 

The  ultimate  moment  capacity  M of  the  slab  is  based  on  Equation  5- 

4 of  Reference  3,  as  follows: 


where 


(A  -A*  )f  A’  f 

A^  = area  of  compression  reinforcement 

A = area  of  tension  reinforcement 
s 

b = width 

a = depth  of  equivalent  rectangular  stress  block 

f = design  steel  stress 
s 

d = distance  from  extreme  compression  fiber  to 
centroid  of  tension  reinforcement 

d*  = distance  from  extreme  compression  fiber  centroid  to 
compression  fiber 


This  equation  for  equal  reinforcement  in  tension  and  compression 
reduces  to 


A*  f 

^ (d-d') 

The  action  of  the  concrete  in  compression  is  neglected  since  crushing 
at  high  rotations  is  assumed  to  occur.  This  results  in  disengagement  of 
the  concrete  cover.  When  support  rotations  are  restricted  by  lack  of 
lacing,  this  equation  becomes  conservative.  However,  the  more  conven- 
tional concrete  analysis  procedures  were  not  included  to  conform  with 
the  methodology  given  in  Reference  3. 

The  blast  impulse  computation  is  restricted  to  a geometry  in  which 
the  slab  height- to-length  ratio  is  greater  than  0.2.  The  modification 
made  by  the  Naval  Surface  Weapons  Center  to  the  original  Picatinny 
Arsenal  Program  did  not  affect  the  results  significantly  for  most 
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cases.  However,  it  did  remove  several  minor  problem  areas,  such  as  the 
location  of  the  charge.  The  blast  impulse  has  all  the  limitations 
associated  with  the  original  programs  which  are  caused  by  limitations  in 
the  test  data.  It  assumes  the  charge  is  an  equivalent  sphere  of  TNT. 

Shape  effects,  explosive  equivalence,  and  explosive  casing  are  considered, 
but  only  in  an  empirical  manner  as  a result  of  limited  available  data. 

The  cost  of  using  the  program  on  a CDC  7600  computer  is  about  $2 
per  case  compared  with  about  30  man-hours  of  hand  computation.  Further, 
the  program  allows  for  optimization  of  the  cell  properties  resulting  in 
less  expensive  construction. 
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Building Date Pa9«. 


Card  Format  For  Computer  Program 


1 

Heading 

Flag  ^ 

0 or  1 

2 

1 10 

11  20 

21  30 

31  40 

41  50 

51  60 

61  70 

71 

72 

73 

74 

80 

W lb 

Expio  number 

I/d  ratio 

case/ex  plo 

P amb  psia 

T amb  ® C 

Altitude  kft 

3 

Ra  ^t/i  psi  ms 

H ft 

L ft 

h ft/PO  psi  * 

8 ft/to  ms  ^ 

t sand 

F 

R 

L 

R 

4 

Pdc  psi 

^dy  PS' 

Tc  in. 

Theta  0 

N side 

5 

AjVT  in.2/ft 

AjVB  in  2/ft 

AjHT  in.i/ft 

AsHB  in  2/ft 

O’VT  in. 

D'VB  in. 

D'HT  in. 

D'HB  in. 

Figure  1.  Data  Input  Form. 


Building 


Date .Page. 


Card  Formal  For  Computer  Program 


1 

Heading  y.  ^ ^ ^ 

Flag  ★ 

1 

2 

1 10 

11  2C 

21  30 

31  40 

41  50 

51  60 

61  70 

7lj  72 

73 

74 

80 

W lb 

Expio  number 

I/d  ratio 

case/expio 

P amb  psia 

T amb  ° C 

Altitude  kft 

.5 

/, 

r. 

3 

Ra  ft/i  psi  m^ 

H ft 

L ft 

h ft/PO  psi  * 

C ft/to  ms  * 

t sand 

F 

R 

L 

R 

6, 

>v. 

/?. 

o 

A 

/ 

0 

/ 

/ 

4 

Fdc  PS' 

Fdy  PS' 

Tc  in. 

Theta  0 

N side 

5'CCC . 

^8cc<r . 

/8. 

/ 

0 

5 

AjVT  in.2/ft 

AjVB  in.2/ft 

AjHT  in.2/ft 

AgHB  in.2/ft 

D'VT  in. 

D'VB  in. 

D'HT  in. 

D'HB  in. 

/^S8 

A f 

j. 

A 

i*"- 

Figure  2.  Example  Problem  1 . 


Figure  3. 


Computer  Results  Example  1 . 


TEST  CASE  Exa^HLE  1 
IM 

explosive  kHUPEhTIES wEl(iHl(LB)  = JlU.u 


NOmhEP  tUWl  ETqRP  explosive  COmPcSIIIOn  BY  wElOhl 
KCal/G  C H N 0 AL 
1 l.OOo  -.07dAO(J  .370  .022  .185  .423  O.UOO 

PABH(PSlA)a  14. e9  lAMb(C)»  20.00 

CASE  *»E16BT  CORHECTION  IS  CW^OE.  PSl  tXCEtUS  RANGE  OF  EXPERIMENTAL  DATA. 


SHOCK  »*AvE  calculation 
INPUT  parameters 

CHAH(iE  wEIghT  adjustments 

charge  weight (LB) 

= 310. u 

AOJOSTEU  wl (LB  TnT)  * 

310.0 

explosive  nUMhER 

= 1 

HE  Energy  factor  = 

1.000 

L/D  RATIO 

= -0. 

Charge  shape  factor  » 

1.000 

CASE/CHAHGt  wT  RaTIO 

II 

• 

o 

• 

CASE  WEIGHT  factor  a 

1.000 

Chamber  phcssure (psia) 

a 14.69 

PRESSURE  scale  FACTOR* 

1.000 

chamber  TEmP(C) 

a 20.00 

DISTANCE  scale  FACT0R= 

. 1477 

altitude  (kFT) 

* -0. 

TIME  SCaLE'FaCTOR  » 

normal  refl  factor  a 

. l490 
10.4  7 

desired  OIsTANCE(FT)  a 3.000 

(CM)  = 91.44 

TIME  AFTEm  TiMt  AFTEm  INCIDENI  nCRm  ReFL 


Explosion 

SHUCK  AMR 

OVERPRESS 

UvERPRESS 

(MSEC) 

(MSEC) 

(PSD 

(PSD 

.1156 

0. 

2736 

28.6323E*o3 

.2442 

.1287 

862.9 

9031 

.3086 

. 1930 

543.7 

5690 

.3729 

353.0 

3695 

.4372 

.3216 

230.9 

2417 

.5015 

.3060 

148.8 

155b 

.5G59 

. 4 5 0 3 

91.67 

959.4 

.6302 

.5146 

50.95 

533.2 

. 694b 

• 5789 

21.48 

224.9 

.7588 

.6433 

0. 

0. 

IMPULSE  (Pil. 

MSEC) -- 

INCIUEinT  " 

a 351.9 

REFLECTED 

= 3683 

-contact 

SURFACE  HAS  ARRIVED. 

DA  1 A 

ARE  CRUDE 

bEyCNU  T (MSEC) 

AFTER  Shock  ARRIvALa  12.3181E-0 

INPUT 

distance  cf  charge 

FROM  BLAST  wall 

FT  . 

3.00 

Charge  »*eight 

LRS. 

310.00 

Blast  wall  height 

FI  . 

32.00 

BLAST  wall  length 

FT  . 

12.00 

HclGHT  CF  CHARGE  ABOVE  GROuNO 

FT  . 

17.00 

MIN.  CIST.  BElwEEN 

charge  ♦ ACJ.  wall 

FT  . 

3.00 

RlFLECTION  COuE 

10  11 

Tutal  impulse 

2230.95  PSI-MS 

Duration  of  load 

7 .64583  MSEC 

FiCTIllcUS  peak  pressure  583.57205 

PSl 

dynamic  concrete  sirength 
dynamic  steel  stress 
THICnNlSS  concrete  Inches 
thickncss  of  sand  Inches 
THETa  ALLO»»AbLE  UtoREES 


5000.00 
4BUO0.U0 

24.0000 

48.0000 

12.0000 


area 

VlRT  Tup  STEEl/F 1 

1.5800 

cover 

2.0000 

area 

vCkI  bOT  STEEL/F I 

1.5800 

cover 

2. JOOO 

area 

HoRiz  ICR  STElL/FT 

1 .3600 

cover 

3.O0U0 

area 

HuRiZ  bOT  STEEL/FT 

1 .5800 

COVER 

3 . 0 0 0 0 

COnChE.]E  mOucLUS  Pi>I 
KAlIO  SItEL/CUNCHk  IE 

GPGSb  ^OMF^T  INEHl lA 
AVE  C«MC^ED  r^OM  INtHllA 

ave  wornEM  Inertia 
aVEMaGl  percent  steel 
0 FACTOR  ML=l/6 
D factor  Ku*  0*3 


<♦030509 
{ •d\j 
llbiJ.OO 
304,95 
/2b. 47 
• UUbl 

3v)2007b96? 

32265ob337 


aLLuw  5MEAH  cnREINFOhCEL)  wEB  115.1b  PSl 
allow  iriEAH  flT  SUPhOH  I 720.00  PSl 
ONREINJ-OHCEO  concrete  TmETA  LE  2 OEG 


2475.99  LbS/lN  wIOTh 
15480.00  L85/1N  wIOTH 


POSITIVE  VERIICAL  mOm£M  1264U0.00 

negative  VERTICAL  mOmEM  I2b40l). ciO 

POSITIVE  hORIZONTAu  MORENT  11376o.OO 

negative  horizontal  HUREnT  il37t)u.00 


SOPPORl  ON  3 SI0E5 

yield  line  y above  Floor 


Lb/IN  v-IOTH 
Ld/IN  wIOTh 
Pbl 
Pbl 


LOCATION  YIelO  line  LENGTH 
LOCATION  YIElO  line  height 

ultimaie  load  capacity  RO 

HOfilZ  bHEAR  load  A I bOPPoRT 
VERT  Shear  load  at  sopport 
HORlZ  SHEAR  aT  DISI  FROM  bOPPOR T 
VEPT  SnEARAl  OlST  FROM  SOPPORl 
ALLOwAdLE  max  deflection  "14.8890 


/2.00 

111.37 

101.9133 

6592.36 
6809.89 
21  /.36 
243.92 


LOAD  mmSs  Factor  .6^70 

MASS  Concrete  only  338I.04 


FIRST  yield  point  mT  PT? 

ELASIK  limit  re  PSI  65.66 

ELASTIC  deflection  .0846 

second  yield  at  PT  I 

FLASTO  PLASTIC  LIMIT  76.66 

ELASTO-PLAb I IC  DEFlECIION  .0668 

ULTlMAtE  RESISTANCE  101.91 

PLASTIC  deflection  .1379 


ULTImAIE  resistance  RO  lul.9i 

ELASTIC  UEEllCTION  LImIT  xE  .1137 

stiffness  d9b,5l 


natural  period 
impulSl  capacity  One  v»all 
SCALLEu  impulse  capacity 
SCALED  SAND  THICnNeSS 
SCALED  concrete  THICNNESS 


15.751966 
4135. 19 
612. J 7 
.5922 
.2961 
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Card  Format  For  Computer  Program 


1 

Heading  L' M 1 

Flag  ^ 

C^or  1 

2 

1 10 

n 20 

21  30 

31  40 

41  50 

51  60 

61  70 

zy 

73 

\2± 

80 

W lb 

Expio  number 

I/d  ratio 

case/expio 

P amb  psia 

T amb  ° C 

Altitude  kft 

/ 

y. 

3 

Ra  ft/i  psi  ms^ 

H ft 

L ft 

h ft/PO  psi* 

2 ft/to  ms  ^ 

t sand 

F 

R 

L 

R 

/5 

/(■', 

/ 

4 

(/ 

/ 

/ 

4 

Fdc  PS* 

Pdy  Ps* 

Tc  in. 

Theta  0 

N side 

‘iccr . 

c . 

5 

AjVT  in.2/ft 

AjVB  in  2/ft 

AjHT  in.2/ft 

A5HB  in.2/ft 

DVT  in. 

DVB  in. 

D'HT  in. 

D'HB  in. 

i'e 

//  f ? 

> 

3 

5 

Figure  4.  Example  Problem  2. 


Figure  5.  Computer  Results  Example  2. 


|FST  v,ASt  EaAKHlE  ^ 

INI 

EAKLoSIve  kHuPEhUES CHAi^bE  (LH)  = 

noi^HEP  Egwi  EhCRf"  EAPLUblvt  COMPCblUoN  Hf 

aCal/G  C m N 0 

1 i«U0w  ”*U7tiA00  *370  *o22  .Ibb  .423 

PArvb(PSlA)»  14, c9  ' lA.-m(C)«  20.00 

•••••CASE  -EIGPI  COPkEcIIoK  lb  Chude.  PSI  £AC££Ub 


b50  • 0 
'»L  1 Gn  r 
AL 

0 . OOO 


KANGE  OF  £AP£KIm£nIaL  DATa, 


SHUCK  *Av£  calculation 
INPUT  PAMAKElEbb 
charge  mEIuhI (Lb)  = 

£aPL0SIvE  nUHHER  = 

L/U  RATIO  = 

CAbE/CHAWGc.  *»T  HaTIU  — 
CHAHbEfi  HRlSSURE (PSIA) = 
CHaHbER  I£hP(C)  = 

ALII rucE  (af  r>  s 


6Su,  y 
1 

•0  . 

-0. 

14. 6<) 

2'). 00 

-0. 


CEbIREo  uldlANCE (FT ) s 

d.Ooo 

(CM)  « 

243,8 

IlME  AFTEh 

TiMt  AFTEn 

INCIUEN 1 

EaPlOSION 

shock  ARR 

OvERRRESS 

(MSEC) 

<Msec) 

(PSl ) 

.522^ 

J • 

997.0 

.8257 

.3028 

314.5 

• 9770 

* a54  1 

198.1 

1.12b 

• 6055 

128.7 

J.260 

*/569 

84.  lb 

1.431 

*9083 

54,24 

1.583 

1*060 

33.41 

1.734 

I.2I  1 

18*57 

1.885 

1.362 

7.830 

2.037 

1.514 

0. 

IMPULSE  (Pal 

• MSEC)  — 

INC  IDEM  • 3'jl»8 

F<EFLECI£0»  2633 
• ••••CAOTiuN— Contact  bunpACE 

UAIA  Af*t  CfiUOE  btrONU 


Charge  ..eight  ADJUSTmEMs 


AOJUblEu  «»nLri  TNT) 

he  EnErgt  factor  = 
Charge  share  FACTOR  = 
Case  t»Ei6Hi  factor  = 
pressure  scALt  Factors 
distance  scale  Factors 

time  SCaLEFaCTOP  » 

normal  refl  factor  » 


NUKM  HtFL 
UvEHRheSS 
(PSD 
8699 
2744 
1729 
1 123 

73a  .4 
473.2 
291,5 
162,0 
68  • 32 

U • 


HAS  AkRIVEo, 

T(msec)  after 


65u  • u 
1*000 
1 >000 
1*000 
1*000 

• 1154 

• 1164 
8*726 


SHOCK  ARRIVAL*  94*067lE-03 


INCIOEnI"«  3ul»8 
KEFLECieO*  2633 

( ,CAUT  IuN-»COn  TACT  6Ur«P  ACt  HAS  AKPlv£|)« 

UAIA  APh  CPUOE  dtYCNU  T(>^bEC)  AFTtP  SHCC^  ARPIVAL=  94.0671E-03 


OiSlANCE  OF'  CnAHoE  f- HUM  bLASi  mALL 
CnARGE  »iEIGmT 
blast  WALL  mE16«1 
Blast  wall  length 
MclGMf  Cf  CHA«Gc.  above  GKCoNO 
MiN»  ClST«  hE  I i»EtN  CmaPGE  ■*  aUJ.  waLL 
McFLEC  f ION  cole 

ToIal  impulse  2992. u5  PSI-«S 

OoHATIOn  of  LuAO  S.oibt'l  msec 

FiCriTlCUS  peak  HRESSUHE  1192.99700  RSI 


INPUT 

FI  . 

o 

o 

• 

X) 

LBS. 

65o  *00 

FI. 

32.00 

FT  . 

IS. 00 

FT. 

16.00 

FT. 

7.50 

lull 


\ 


.0 


DT^AHU  CONChEIE  SIWEnGTH 
DtKAHic  blEfcL  SiMEbS 

iMicKhtSs  Concrete  inches 

THICKNESS  OF  SAND  INCHES 

THET*  aLLO»AuLE  degrees 


area  Vc«1  Tof  sieel/m 
area  ¥c«i  bO!  steel/FI 
area  nChiZ  ICP  STEEL/FT 
AREA  MvRlZ  bCT  STEtL/FT 

CONCmEiE  HCdcLOS  RSI 

RATIO  #*Ol>  STeEL/COkCHEIE 
gross  aOREM  INE*4T1A 

AV£  chacael  for  Inertia 
AVE  #HM£Nf  Inertia 
AVERaGc  percent  steel 
O FacTuR  NLxi/6 
O FACToK  Ro*  0*3 


5000.00 

480UU.00 

24.0000 

U.OuOO 

12*  0000 

l.Sbuo 

COVER 

2.O000 

l.SbUO 

cover 

2.0000 

l.bbOO 

cover 

3. 0000 

1 *5b00 

cover 

3.U00U 

A030509 


T • 20 
1152.00 
30A. 95 
72d*47 
• U'jfe! 

3f20uT6962 

32265ob337 


.1 


1 


ALLOf  9hEAR  eNREINFORCED  *£8  115.16  PSI 
aLLOf  shear  aT  SUPKUHI  72o1oo  PSl 
UNREImfoncEu  CONChEIE  Theta  LE  2 UE6 


POSITIVE  vEpflCAt  hOHENT 
nE6ATI»e  vEkflCAL  nOMEnt 

ROSiri»E  hchxzcnial  horent 
fwE€ati#e  horizontal  horent 


126400*00 

126400.00 

113760.00 

11376O.0U 


2475.99  LbS/lN  «IOTh 
15480.00  L8S/IN  «10Th 


) 


SURPORI  UN  3 SICES 


TlCLu  tiNf  f AbUvE  FL«n>w 


LOCATIuN  Vieto  LINE  CEA<}Ih 
LOCATSwN  THeO  LINc  height 
CtTlMAlE  eCau  CAPAClir  MU 
NORlZ  shear  L<TAU  at  ^uprurt 
rfRf  SmCar  eCac  at  SUrpurT 

AT  01  Si  Fmcm  SUPPURI 

S«*fARAf  OISI  FROM  SUPPORT 


VO.  00 
137.89 
66«4/S4 

5221. 
5499. 
166. 
20d. 


aUOaAuU  paa  CCFtECflON  'ld.6U2 


Ld/fN  lilQrH 
Ld/(N  blOlH 
RSl 
PSl 


II 

I 


:i 

tl 


•'MA  ucrucc • id*bii2 

>x^.. . 


■,V.J 


^MEAlS-^T-i'OISl-fHbH-^SUPpdHT 

VERF  SnEAKAf  OIST  FRCh  SUPPOHI 
ALLUtfAtfLE  fAX  oEFLkCTiON  'id.blia 


^ • ^T^Lita fNl 
•186.51— Psi 
208.23  P5I 


load  Hass  factok 

HASS  CuNCPETk  only 


^ . J. 


FIRST  rlELC;^OINT  Al  PT2 
elastic  LlMlTii  re  PSl 

elastic  OEFteCtlON  >ae 
second  YIELOAirPT  I " 

ELaSIU  FLASTic  LIMII 
ELaSTO-PLaSIxc  OEFLECIIONr 
ULT Ima IE  RESlSTANCE^'i.  W ^ 
HL^siic  0EfLtcI^^yp^^:w■ 


• 6168 
3325.85 


50.67 
• 1295 
66.48 
'^'.2u65 


»» 


ti. 


-r.‘  ? 


MASS 

332b. 255 

LUwf) 

1 192.997 

OuKATlCN 

b * 0 1 6 

hesistance 

66*475 

STIFFNESS 

4C6.578 

T iMt 

ACCtLEHATi 

. 5 U i 0 y 1 

.3175 

1 . ouj2o3 

.2670 

1 .bO«.b> 

.2311 

£.0vo4s/f^ 

. 1952 

2 . 5 3 c y V/  7 

.1594 

3»uO'»F*^*9 

.1235 

3 . 5 1 i 2 1 C 

.0H7b 

A^UlcHlE 

. j5l« 

4^5l-*4l3 

.0159 

5 . 0 1 u 1 5 

• * 0 2 0 >) 

5.51  7016 

-.0200 

6.013218 

-.0200 

6.52^819 

-.•j20  0 

7.i)2c42l 

-.020y 

7 • 5<^h  022 

“ . 0 2 0 0 

E • (»2s624 

-.0200 

H. 527225 

- * u200 

9.o2oH27 

• • (.^OO 

9^53v42H 

-.(.•200 

1o.o3£029 

- * 0 2 0 0 

10.533631 

-. j206 

1 KU33232 

" * o20  0 

1 1 . s3o834 

-.0200 

1 2 . u3o4  35 

-.u200 

l?754^y37 

- * u20o 

13*04 i63H 

- * o20o 

1 3.540240 

- . u20o 

14.'J44b41 

- * o20u 

1 4 • S4  C4  4 3 

-.•j20o 

15  i UAO'i44 

- • u200 

1 5 * 54'#646 

” * w 2 0 0 

If  .u5i24? 

-. T?Ov 

1 

• j ? 

1 

:<#PP 

vElOCI I Y 

UI5HLACEMENT 

LUAU 

Kts 1 s 1 anCE 

.1700 

• 0435 

1073.0973 

17.6895 

.3129 

.2854 

95a. 3976 

66.4754 

.4379 

.4  744 

835.0979 

66.4754 

.5448 

.7216 

715.7982 

66.4754 

.6337 

1 .0180 

596.A965 

6^.4754 

. 7047 

1.3544 

477.1988 

66. a754 

.75  76 

1. 7219 

157.6991 

66.A754 

. 7926 

2.1114 

238.5994 

66.4  754 

.6095 

2.5140 

119,2997 

66.475a 

.6065 

2.V205 

.0000 

66.4754 

. 7985 

3.3236 

O.oOOO 

66.4754 

. 7PH5 

3.7216 

0.0000 

66.4754 

.7784 

4.1145 

0.0000 

66.4754 

• 7664 

4.5025 

0.0000 

66.4754 

. 7584 

4.8854 

O.ooOO 

66. 4754 

.7463 

5.2633 

o.uouo 

66.4754 

.7183 

5.6361 

0.0000 

66.475a 

.7283 

6.UO40 

O.oOOU 

66.4754 

.7183 

6 . 3668 

0.0000 

66.4754 

.7oH2 

6.7245 

O.yOOO 

66.4754 

.698? 

7.0  773 

O.ooOO 

66.4754 

.6882 

7.4250 

o.uouo 

66,4754 

.6782 

7.7677 

0*  0000 

66.4754 

* 668  1 

8. 1053 

O.ooOO 

66.4754 

.6581 

8.4380 

O.ooOO 

66.4754 

.648] 

8.7656 

0.0000 

66. a75a 

.6381 

9.ydHl 

0.0000 

66.4754 

.6280 

9.4057 

0.0000 

66*4754 

.6180 

9.71P2 

0 • yuOO 

66.A7S4 

.6080 

1 0 * o25  7 

0.0000 

66.4754 

.5980 

1 0 * 328 1 

O.OOOO 

66. a754 

.5879 

10.6255 

U.oOOO 

66  »475a 

ie:o57653 

-...200 

.5478 

11.7649 

0. oOOO 

66 

4754 

18.55^255 

-.U200 

.5178 

12.0372 

O.OOOO 

66 

4754 

19.06s,H56 

-..J20o 

.5276 

12.3045 

0.0000 

66 

4754 

19.50C457 

-.u20O 

.5178 

12.5667 

0. 0000 

66 

a754 

20. 06-.J59 

-.v,200 

• bOf7 

12.8239 

O.OOOO 

66 

a754 

2o  *503660 

-.C200 

.4977 

13.0761 

0 • yOOO 

66 

a754 

21 .00/26? 

- . 0 2 0 y 

.4P77 

13.3232 

0.0000 

66 

4754 

2 1 • 56c861 

- . o200 

• 4777 

13.5653 

O.ooOO 

66 

4754 

22 . o7  v465 

-.0200 

.4676 

13.8024 

U.oOOO 

66 

4754 

22.57  c 066 

-.0200 

.aS76 

1 4 • 0344 

O.UOUO 

66 

4754 

23.07j668 

-.‘j20v 

. a4  76 

14.2614 

U.oOOO 

66 

4754 

23.573?69 

-.u200 

.a375 

14.4834 

U.OOOO 

66 

4754 

24*0 7o8  7 1 

-.o20U 

• a?75 

14. 7004 

O.OOOO 

66 

4754 

24 , 5 7o4  7? 

- * J 2 0 V 

.4175 

14.9123 

U.oOOO 

66 

4754 

25.ybrf074 

-.020w 

.4075 

15.1192 

O.oUOO 

66 

754 

25 .56i675 

-.'200 

.3974 

15.321 1 

O.OOOO 

66 

754 

26.08j277 

— * 0 2 0 0 

.3874 

15.5179 

0 • y 000 

66 

4754 

26.58*48  78 

-*y200 

.3774 

15. 7o98 

O.ooOO 

66 

4754 

27  *06c48<( 

- . 2 0 0 

• 3674 

15.8966 

0.0000 

66 

a754 

^7.58608 1 

-.v20.) 

.3573 

16.0703 

U.OOOO 

66 

4754 

28 . oB-jbeJ 

- . V 2 0 y 

.34  71 

16.2550 

U.OOOO 

66 

4754 

28.591284 

-.1,  200 

.3173 

16,4267 

O.ooOO 

66 

4754 

2S,(i9£Hfa5 

— * y200 

.3271 

16. 5934 

O.yOOO 

66 

75a 

29I59-.4M7 

-.  y200 

.3172 

16. 7551 

O.oUOO 

66 

4754 

3O.O9o(}H0 

-.0200 

.3072 

16.911 7 

O.ooOO 

66 

a754 

3009/690 

-.•.'200 

.2972 

17.0633 

O.OCOO 

66 

4754 

31.09^291 

- * 1(200 

.2872 

17.2098 

U.oOOO 

66 

475a 

3 1 * 6<i  w893 

- . ()20y 

.2771 

1 7.3513 

O.OUOO 

66 

4 754 

3c  * 1 Oc**94 

-*02oO 

.2671 

17.4678 

0 • y OoO 

66 

4754 

32«6ua'j96 

-.  J?0  0 

.2571 

17.6193 

0 • yOOO 

66 

a754 

33lU'5697 

-*u20O 

.2471 

17.7457 

O.OOOO 

66 

a754 

33.60/299 

-.  )2oO 

.2370 

17.8672 

O.OOOO 

66 

a754 

34 . 1 0o9fu 

-*  >20w 

.2270 

17.9635 

o.uouo 

66 

4754 

34 . 6 1 v5w? 

-.u200 

.2170 

18.0949 

0.0000 

66 

a754 

35.1  UK, 3 

- * i(20w 

.20  70 

18.2012 

0 • oOOO 

66 

4754 

35.6lj7u5 

-.•i2o0 

.1969 

18,3025 

O.uoOO 

66 

a754 

3f*  1 1d3v,6 

-.0200 

. IP69 

18.3988 

0. OOOO 

66 

4754 

3e.6lo9i.8 

- . * 1 2 0 0 

.1769 

18.4900 

0 . oOOO 

66 

4 754 

37.1  lo5y9 

- . 1.200 

• 1 669 

16.5  762 

0 .youo 

66 

4 754 

37.62u1 1 1 

-.o200 

• 1 5 6 H 

18.6574 

O.OUOO 

66 

4754 

38. 12i7l2 

-.o200 

. 1468 

16.7336 

0.0000 

66 

4754 

38.62j31 3 

-•02O0 

.1368 

18,604  7 

0.0000 

66 

a754 

39;  12.915 

-.1)20  0 

. 1268 

18.6708 

O.oUOO 

66 

a754 

39  * 62o5 1 6 

- * 0 2 0 0 

.1167 

18.9318 

0.0000 

66 

a754 

AO  * 1 2o 1 1 8 

-.0200 

. 1067 

18.9679 

U.OOOO 

66 

a754 

40 .62'»7  1 9 

-.0200 

.0967 

19,0309 

0. OOOO 

66 

475a 

4 1 i 1 3 l32 1 

- . 1)200 

. y 866 

19,0849 

0. OOOO 

66 

4754 

41 .63c922 

-.o20(Ji 

.u766 

19,1258 

0.0000 

66 

4754 

4?  , 1 J*45^(4 

-. 020o 

• y 666 

19,1617 

O.OOOO 

66 

4754 

42 . 63o 1 25 

-. 0200 

• o566 

19,1926 

O.OUOO 

66 

475a 

43. 13/727 

- .0200 

• 0465 

19,2185 

0. OOOO 

66 

A754 

43.639328 

-.0200 

.0165 

19,2393 

0.0000 

66 

4754 

44. 1Av^9jo 

-*o20y 

.y?65 

19,2551 

0.0000 

66 

4754 

44 . 6A453 1 

— * 0 2 0 0 

• y 1 65 

19,2659 

O.OOOO 

66 

4754 

45  • 1 4,.  U3 

-.0200 

• y 064 

19,2716 

0.0000 

66 

a754 

45.643734 

-.0200 

- . 0036 

19,2  724 

O.OOOO 

66 

4754 

46.14/  3J6 

-.v200 

-.yl36 

19.2680 

0. OOUO 

66 

a754 

iL* 


-47^ 


^ATuKAL  ►'EhIlU  17»V7v)463 

MAXlMOi*.  uEf-UtCTION  19t^72jb^ 

TI^t  To  Of.HLEClION  4t>«l47336 

nU^*»TloN/NAlLHAL  HEHiUO 

LOAU/WcblS I A^CE  17.VH64jtt 

ELaSIIl  UEELtCTlUN  LImIT  .In3b00 

MAX  m^GMFM  spall  velocity  FT/SEC  o7.4hu9tj0 


WALL  CwLLAMSlS 
AvFhaGc  i>CAij  VELUCIIT 
MAX  SCmH  velocity 


13.07 
Ob. 35 
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Appendix 


TWO  ADDITIONAL  EXAMPLES  AND  CALCULATIONS 


EXAMPLE  3.  HAND  CALCULATION  [3] 
Concrete  Wall 


Thickness  concrete 
Steel  reinforcement 
Assume  concrete  cover 
Assume  f 


Assume  f 


cd 

yd 


2 ft,  0 in. 

No.  5 at  10  in. 
1-3/8  in. 

10.000  psi 

48.000  psi 


Moment  Capacity  For  Equal  Reinforcement 


M = f A (d-d') 
s s 

M 

M 

d 

d' 


48,000  (0.31/10H22.62  - 1.37) 
1,488  (21.25) 

31,620  in. -lb /in. 

22.62 

1.375 


X ► 


L/H 

x/L 


12) 


39/16  = 2.68 

0.44 


206  in. 


Ultimate  Resistance 


r 


u 


5(M 


uV 


"uH> 


2 

X 


31,620 

(206^) 


7.60  psi 


5,700,000  psi 


E 


c 

n 


I 

s 

A 

s 

P 


F 

I 

c 

I 

a 


57,000  \/l 0,000  = 

“ - - 5.08 

5.7  X 10® 


b T 


^ (1)(24) 

12  12 


= 1,152  in.  /in. 


0.031/in. 

0.031/21.5  = 0.00144 

0.005 

(0.006)  (0(21. 5)3  = 59.63  in.^^/in. 

606  in.^/in. 


First  Yield  Point 


H/L 

B, 


B, 


16/39 
0.07 
0.  35 
0.28 
0.048 
M 


B2  H 


= 0.41 


31.620 


D = 


(0.35)02  X 16)' 
(5.7  X 10^) (600) 


= 2.45  psi 


(1)[1  - (1/6)"] 

0.048(2.45)02  x 16) 
3.517  X 10^ 


= 3.5177  X 10' 

4 


= 0.045  in. 


Second  Yield  Point 

H/L  = 0.41 

= 0.117 

^2  = 0-055 

B3  = 0.315 

M»  = Bo  r = 0.28(2.45)02  x 16)^  = 25,295 

J J e 

D = 3.77  X 10^ 


22 


AM^  = 

31,620  - 25,295 

= 6,325 

Ar 

ep 

6,325 

0.545 

(0.315)(192)^ 

r = 

ep 

0.545  +2.45  = 

2.99 

A s 

(0.055)(0.545)(1 

12)^ 

Uk 

X 

3.77  X 10^ 

X * 

ep 

0.0106  + 0.045 

= 0.0556 

0.0106 


Third  Yield  Point 


- 0.2 

"'^‘  0.27 

A - 7.60  ^ 2.99  - 4.61  psi 

r 


A 

X 


(0.2)(192)^(4.61 

— 5” 

3.77  X 10 


Q.332 


X 


E 


k 


E 


0.436  X 0.666  = 0.290  in. 
26. 1 4 psi/in. 


23 


r =7.60 
e 

Xg  = 0.290 

Ke  = 26.1 

Shear  Loads 


V 


3 r X 
u 

5 


3(7. 6) (206) 
5 


939  Ib/in. 


Shear  at  Distance 

3 r [1  - (d/x)]2 
V = y 

(d/x)  f 5 - A (d/x)] 


3(7.6)  [ 1 - 22.6/20.6  ] 
(27.6/20.6)  [5  - 4 (22.6/20.6)] 


= 40.6 

V = 40.6  x 24  = 973  lb 

Shear  at  Distance  From  Support  ^ 

3 r^  (1  - (d/x)]^  3(7. 6) [1  - (22.6/206)]^ 

(22.6/206;>l5  - 4 (27.6/206)]  " 

10,0^0 

8,000 

4(1.9/?^+  2,500  P)  2.28  4 
144 

2(2696)  = 2,850  psl-msec^/in. 

Impulsei  Data 


0 

J * 


Pv  = 10  ft 

/ii  = 16  ft 

'e,  = 4 ft 

h 

W = 300  lb 

L = 39  ft 

1 = 12  ft 

N = 3 


(d/x) I 5 - 4(d/x)] 
'cd 

f static 
c X 


Mass 


.Mass  = 0. 53  x 


24 


From  impulse  charts, 

I = 1,190  psi-msGC 

Equivalent  pressure  = 140  psi 

duration  = 17  msec 

WALL  RESPONSE 

M = 2,850  Ib-sec^/in. 

r = 7.6  psi 

u 

k = 26  psi 

E 

P = 140  psi 

Td  = 17  msec 

Natural  period  = 65.6  msec 

Duration/natural  period  = 0.26 

Load/resistance  = 18.2 

Response,  from  Reference  3,  Chapter  6 

Maximum  deflection  = 31.14  in. 
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Card  Format  For  Computer  Program 


1 

Heading  (IAS>^  ^ ^ 

Flag  ^ 

(^(^'or  1 

2 

1 10 

11  2C 

21  30 

31  40 

41  50 

51  60 

61  70 

71 

72 

73 

74 

80 

W lb 

Expio  number 

I/d  ratio 

case/expio 

P a mb  psia 

T amb  ° C 

Altitude  kft 

^cc 

O, 

3 

Ra  ft/i  psi  m^ 

H ft 

L ft 

h ft/PO  psi* 

C ft/tn  ms  ^ 

t sand 

F 

R 

L 

R 

3’t. 

•/. 

/J. 

O' 

/ 

i. 

/ 

1 

4 

Fdc  PS' 

P(Jy  PS' 

Tc  in. 

Theta  0 

N side 

yCooo  * 

Yfioc'u 

2 V. 

:? . 

> 

5 

AjVT  in.2/ft 

AjVB  in.2/ft 

AsHT  in.2/ft 

AjHB  in.2/ft 

DVT  in. 

DVB  in. 

D'HT  in. 

D'HB  in. 

C'. 

C>.  3V-X- 

a.  i j 2. 

C.  :^7^ 

A :5  /S' 

/.3  7 

A 3 75^ 

/.  5 

Example  3.  Computer  Analysis. 


Ifcsr  v,Abt  LaANHUE  3 
IN  I 

EAKLOSIvK  KHUPEHlIES.....CHAHfat  «tlohl(LH>  = 300.0 

NUmhE^'  Eu*«(  LKlJHN  EAPLUblvE  COi^PGSI  I ION  BY  wElGuI 
KCAl/G  C m N 0 AL 

I l.OOw  -.w^ttAOu  .3'/y  .0<J2  .I8t)  .423  O.OUu 

HA^H(PSIa)*  I4.fc9  FAi-1B(C)=  20.00 

.....CASE  «F.IGI"I  COKHtcUUN  Ib  CH^Uc.  PSI  EACEEUb  MANGE  OF  EAPEHImEnIal  OATA. 


Shock  wave 

calculation 

Input  PAPamEIEPS 

change  wEIght  adjustments 

change  wEIoHI (Lh)  = 

30u . (t 

AOJUbTEC  T (L8  IND  = 

300.0 

EAploSIve  ivOMHEH  s 

1 

HE  Energy  factop  = 

1.000 

L/U  PAllo 

= 

-0. 

Change  shape  factor  = 

1.000 

CaSE/CHAnGl 

wT  PaT 10  = 

“0. 

Case  wEighi  factoh  * 

1 .000 

CHmMhEP  PPlSSUPE (PSI A) = 

14.69 

PPESbUPE  scale  factors 

1.000 

CmamhEP  TEmPTCJ  = 

20 . 00 

DISTANCE  scale  factors 

. 1494 

AL 1 1 TGUE  (^F  T ) s 

-0 . 

TIME  scale  factop  = 

.1506 

NORMAL  PEFl  factor  = 

7.185 

OEbIPEC  nlblANCE(FI)  s 

1 0 . 0 0 

(CP)  » 

304,8 

1 1 ME  aF  T Er 

llMt  AFTEK 

Incident 

NuPM  NEFL 

LaplDSIoN 

bPOCK  aPN 

OvEPPPEbb 

OVERPPtSS 

»MbfC) 

(MSEC) 

(PSD 

(PSI) 

.95u7 

u . 

4o6,0 

2931 

1.311 

. J 6 (J 1 

128.7 

924.5 

1.491 

.540? 

81.08 

582.5 

1.671 

. 7202 

52  .oS 

378.3 

1 .851 

.9003 

34,44 

247,4 

2.031 

1.080 

22.19 

159. b 

2.21  1 

1.26U 

13. h7 

98.22 

2.391 

1 .4A() 

7.597 

54 . 59 

2.571 

1.620 

J.2o4 

23.02 

2.751 

l.BOl 

0 . 

0. 

impulse  (Pal.MbEC)-- 

INClnEi.T  s 146.9 

hEflecieus  loss 

. . . « ,CA0  I IpN--Cun  r ACT  buPFACt  liAS  AKPlvtO. 

OAIA  APE  CPOue  hEYC'MO  T(MbtC)  aFIEh  SmuCN  APMIvAL*  .31A/ 


to 


UlblANCE  OF  CnAHGE  FPOM  GLaS I «ALL 

CnAHGt  WEIGHT 

BLASl  wall  mEIGHI 

buAbl  wALL  LENG I H 

MulGhI  (jF  CHAKGL  ABOOE  GKOUNU 

miin.  list.  HEI»»EEN  ChaHGL  ♦ alj.  wall 
MlFLECTION  COUE 

lolAL  IMPULbt  1203.65  Pbl-MS 

UokaIIun  of  LuaL)  I7.v/d9v3  MbEC 

FlClUlOOS  PEaN  PPESbURE  140.66386 


livPUT 

FT. 

10. 00 

LH5, 

300.00 

F T . 

16.00 

FT. 

39.00 

FT  . 

4,00 

FT. 

o 

o 

• 

10  11 


PSl 


IjYPAmIl  CONCpETE  blRENGTn 
IiYnamIv.  bTttL  STKEbS 
THlCNNuSb  CUNCPtlE  iNCHtb 
fPICANLbS  CF  SAND  InChES 
1 HE  I A mLLUwmbLE  uEoPEEb 

apea  vlki  Top  steel/f i 

APEA  VlH I bU I S f EEL/F  I 

AHEA  HuMIZ  icp  steel/ft 
apea  HoMiz  hot  steel/ft 


lOOuO.OU 

46000.00 

2a. y jOO 

0.0000 

2 . OOOO 

.3720 

cover 

1.3750 

. 3 720 

COVtP 

1.3750 

.3720 

COVER 

1.3750 

.3720 

cover 

1.3750 

COnCkEIE  MLOLLOS  Pbl 
PATIO  hOO  bItEL/CONCHETE 
GPObS  nOMEM  INEPT  lA 
AvE  cpmCneu  nop  inept IA 
ave  mO(-.ent  Inept  ia 

AVEPAGl  PEPCENT  STlEL 
0 FAcTGP  mL*i/6 
0 FacToP  Pus  0.3 


5700000 
b.09 
1 Ibii.OO 
6v  • 24 
610.62 
.0014 

35B0J72390 

3624776239 


ALLO'<  bHEAP  lNPEINFUhCEO  wEH  Ia?,36 
ALLOW  bMbAP  aT  bUpPOH I 144j.00 

unpeinfo«clo  concpete  Theta  le  2 leg 


PSl  3334.06  LUS/IN  -«It)TH 

PSl  32560.00  LHS/IN  wIOTP 


POSITIVE  vEPilCAL  MOMENT  31620.00 

nFGAIIvE  vErtllCAL  MOMENT  3l620.u0 

POSITIVE  horizontal  MupEnI  3162u.00 

negative  hLkiZCNTAL  MuPENT  31620.00 


SUPPuKi  ON  j SIUEb 


YlFLu  LINE  ;<  FhOm  bU)E 


location  yIElO  line  LEFGIh 
LOCAiioN  yielo  line  height 
ULIImaiE  LLAu  capacity  PU 
HOPlZ  3HEAP  lOAO  a I bUPPUHT 
VE«I  bnEAH  luAC  at  bUPPOwT 
hCPIz  3hEAP  aT  UiSI  FhOM  bUPPOHT 
VEPT  btiEAPAI  Olbl  FPOh  SUPPOPI 


2 0 . 6 0 
1S»2.0  0 
7.3534 

627.27 
955. a7 
35.57 
36.60 


ALLGwAuLE  pax  deflection 


O . 7106 


Lb/IN  wIDTh 
Lb/lN  wIoTh 
Pbl 
Pbl 


LOAD  MMbb  FAcTOP 

MASS  concpete  only 

FIRST  tIELD  point  AT  p12 
ELaSIIl  limit  PE  PSi 
FLaSIIl  deflection  At 


. bt6i) 

2636. J7 


2.28 
. 0*435 


second  yield  at  PT  3 

ELASIO  PLAbllC  LIMIT  2.63 

FLAS lO-PLAb T IC  deflection  .0566 

ULTlMAlE  PtSiSTANCE  7.55 

PLASTIl  deflection  .3907 

ULTImA«E  PESiSTANCE  PD  7.55 

elastic  OEFleCTIUN  limit  AE  .3014 

ST  IFfNcSS  ne  25. i 6 


MAib  2b3<3.06ti 

Uu.tiBA 
UUhaIION  17.090 

WtalSTANCt  7.553 

SIlf-FNESb  25.0^4 


time  ACCELLhATIUN 

vElUCI Tt 

nibPLACEMtlvl 

LUAI3 

kEO  1 5 1 ANCE 

1 .700993 

. ::4  4 1 

• 0 8 0 3 

• 0 700 

126. 7955 

1 . 7538 

3.41  f9bt 

.1/374 

.1501 

.2o84 

1 12. 7o7l 

0.7?81 

5 . 1 2o9  79 

.0321 

.2092 

.0095 

98,0187 

7.5514 

F.H33971 

. 0271 

.2598 

1.0115 

64 . 53o3 

7.5534 

H . 54h964 

.v/222 

.3019 

1 .4927 

70.4419 

7 . 0534 

1 U^25j957 

• 0 1 72 

.3356 

2.0387 

56.3536 

7.5534 

1 1 .96c950 

.0122 

. 36U8 

2.6349 

42.265? 

7.5534 

13r67i9<»3 

* 0 0 7 3 

.3774 

3 . 2b69 

28.  1 768 

7.5534 

15.3«,936 

• 0023 

.3856 

3.9201 

14. 0884 

7.5534 

17  .o«'»929 

-.0027 

.3853 

4,5801 

. y y 0 0 

7.5534 

IE  . 79a922 

-.0027 

.3808 

5 . 2 34  7 

0 . yuOO 

7.5534 

20^50/914 

-. j02  7 

.376? 

5.8815 

0 • oOOO 

7.5534 

22  »2iu9v7 

-.  )02  7 

.3716 

6,5205 

0 . yuUO 

7.5534 

23.9239u0 

-.0  02  7 

.3671 

7,1518 

0. uuUO 

7.5534 

25 .63h093 

-. 0C2  f 

. 3625 

7 , 7 752 

0 , oOOO 

7.5534 

27 « 34 jH86 

-.UC27 

.3580 

8,3909 

0.0000 

7.5534 

29.o5a879 

- • »» 0 2 7 

.3534 

8,9989 

0. uOOO 

7.5534 

30.76ib72 

- • J02  7 

.3489 

9.5990 

y . UOOO 

7.5534 

32.47  obo5 

-.0027 

.3443 

10.1914 

0. OOOO 

7.5534 

34.  1 7'»857 

-.1027 

.3398 

10.7759 

J.wOOO 

7 .5534 

35  .HbobSo 

- . 0 0 2 7 

.3352 

1 1.3527 

0 . UOUO 

7.5534 

37.59/8^3 

- . n02  7 

.3307 

11.9218 

0.0000 

7 .5534 

39.J0obJ6 

- • 002T 

.3261 

12.4830 

0 . uOOO 

7.5534 

4 1 .'y  13029 

-.0027 

. 3216 

13.0365 

0 . y 000 

7.5534 

42. 72-4822 

-.0 J27 

.3170 

13.5822 

0 . 00 00 

7.5534 

4<,.43j«15 

-.0027 

. 3125 

14.1201 

0 , oOOO 

7.5534 

4 6. 1 A c b V,  b 

— . y n 2 ^ 

.3079 

14,6502 

0 • u y 0 0 

7.5534 

47 .h5  lb on 

- . 0 0 2 7 

.30  34 

15.1 726 

0 . yooo 

7.5534 

49^58 j793 

-.0027 

.2988 

15.6871 

0 . y 000 

7.5834 

51 .2b'^7b6 

-.0027 

.2943 

16,1939 

0 , yy 00 

7.5534 

52^970779 

-.  002  7 

.2897 

16,6930 

0 • y y y 0 

7 .5534 

54.68/772 

-.002^ 

.2852 

1 7.1842 

O.yOOO 

7.5534 

56. 39o765 

- . 0 0 2 7 

.2806 

1 7.6677 

y . yOOO 

7.5534 

5P . J uo75H 

-.-0  02  7 

.2761 

18,1433 

U . y y 00 

7.5534 

59.HU751 

- . 0 -j  2 7 

.2715 

18.0112 

0 . y 0 0 0 

7.5534 

61 .52j743 

-.0027 

.2670 

19.0  714 

0 . OOuO 

7.5534 

83.23c736 

- . ii  02  7 

.2624 

19.5237 

0 .0000 

7.5534 

64.94  1 729 

- . 002  7 

.2579 

19.9o83 

0. JOOO 

7 .55  34 

66 . 65,^  722 

-.j02^ 

.2533 

20.4,j51 

0.0000 

7.5534 

6fc .359  7 15 

- . 0 0 2 7 

. 2488 

20.834 1 

y . y y u 0 

7.6534 

7 0 .060/08 

-.0027 

.2442 

21  .2553 

0 . y 0 0 0 

7.5534 

7 1. 77/7,1 

-.0027 

.2397 

21.0687 

y . y y 0 0 

7.5534 

73 . 4b(j694 

- . J027 

.2351 

22 . 0 744 

y . OOOO 

7.58  14 

75  . 1 9’3bb6 

-.  ;027 

.2305 

22.4723 

y , y 000 

7 . 5534 

76.90-4679 

-.0027 

.2260 

22.8624 

0 . y 000 

7.5534 

7b . bl J6?2 

-.0027 

.2214 

23.2A48 

U.oOUO 

7.5534 

80. 32a665 

-.L027 

.2169 

23.0193 

0 . uOOO 

7.5534 

82.u3i65H 

-.002  7 

.2123 

23.9861 

0.0000 

7.5534 

83. 74^651 

- .u02  7 

.2078 

24 . 345 1 

O.yOOO 

7.5534 

85 . 449644 

-•0027 

.2032 

24.6963 

0 .0000 

7.5534 

8 7 . 1 5o637 

-• j02  7 

.1987 

25.0 398 

O.yOOO 

7.5534 

88^66/629 

-.  v’02  7 

. 1941 

25.3754 

O.yOOO 

7.5534 

9o . 57c62? 

-.y02  7 

. 1896 

25.7033 

0 . y uOo 

7.5534 

92.283615 

-.0027 

. 1850 

26.0234 

0.0000 

7.5534 

93.99-.6^;8 

- • u02  7 

. 1805 

20. 335  7 

O.yOOO 

7.5534 

95 . 7 y j6  1 

-.0027 

.1759 

26 . 64  i)  3 

0 . yooo 

7.5534 

97.AU59A 

-. 002  7 

.1714 

20,9371 

O.yOOO 

7.5534 

99. 12  i587 

” . O027 

. 1668 

27,2260 

O.yOOO 

7.5534 

100.83j58i) 

-• j02  7 

. 1623 

27.5073 

y . 0 0 0 0 

7.5534 

102.539572 

-.002  7 

.1577 

27. 7807 

0 . y yuO 

7.5534 

1 04.‘24o565 

— • 1/  0 2 7 

. 153? 

28 . 046  3 

O.yOOO 

7.5534 

I 05.95/558 

- • 0 0 2 7 

.I486 

28.3042 

0 • ouoo 

7.5834 

1 0 7 . 66o55 1 

- . 0O2  / 

. l44l 

28.5543 

0 . yUUO 

7 .58  14 

1U9. 37554A 

- • «02  7 

.1395 

28.7966 

O.yOOO 

7.5534 

1 1 li 08a537 

- . J02  7 

. 1 350 

29,0312 

0.0000 

7.5834 

1 12. 79j53o 

— » </  -0  2 7 

. 1 304 

29,2579 

0 . yUOO 

7.6534 

1 1 4 r5o<:523 

-.  y027 

.1259 

29.4  769 

0.  y yO(i 

7.5534 

116.211515 

-.  002  7 

. 1213 

29.6881 

u.yoOO 

7.5534 

1 1 7.92 ,5«8 

-.  Jy2? 

.1168 

29,8915 

0 . yooo 

7,55  34 

1 19.62:»5.1 

- • u 0 2 7 

.1122 

30. 0872 

0 . y y 0 0 

7.5534 

121. 33o494 

-..J02  7 

.1077 

30.2  751 

y . y u 0 0 

7,58J4 

123.04/467 

-.  )02  7 

.1031 

30.4551 

y . y Ou 0 

7.5834 

124. 75caoo 

-.0027 

. J9b5 

3tt  .62/5 

O.yOOO 

7.6514 

1 26 . A634  7 3 

- • y 0 2 7 

. y94  0 

3o. 7920 

0 . y 0 0 0 

7.6534 

128. 1 7-4  466 

-.0027 

. y894 

30,9487 

O.yooo 

7.5834 

I29.H8JA58 

-.0027 

.0849 

31 .0977 

U . y 0 0 0 

7.6834 

I3l  .59t4bl 

-.w(l2  7 

. y8U3 

31 .2389 

0.  yOOO 

7.5834 

133.301444 

- » V 0 2 7 

. o758 

31.3723 

O.yOOO 

7.5534 

l35.nl  ,437 

- • 0 02  7 

.0712 

31  .4980 

0 . y 0 0 0 

7.8534 

136. 71943 u 

-.002  7 

• y66  7 

31.0158 

0.  yOOO 

7.5534 

l38.42o423 

- • 0027 

• y 62 1 

31.7259 

0, yyUO 

7.5834 

14U.  13/4  16 

-.0027 

• y 5 76 

31.8282 

o.yooo 

7.5534 

|41  .MAo4x,9 

-.002  ? 

• y 5 3 0 

31,9227 

0 . y 0 0 0 

7,5534 

143.'55b4ol 

" • v02  7 

.0485 

32.0095 

0. OOOO 

7.5534 

145.26-.J94 

- • u 0 2 7 

• y 439 

32. 0884 

0 . y 0 0 0 

7.5534 

1a6.97j387 

-.0027 

.0394 

32.1596 

O.yooo 

7.5534 

l4b.68c:J8n 

-.  1027 

. o348 

32.2^30 

0 . y y U 0 

7 . 5834 

150.39i373 

- » 0O2  7 

.0303 

32.2787 

o.yooo 

7.5834 

152110^366 

- . y 02  7 

.0257 

32.3265 

o.yooo 

7.5534 

IS3.M09359 

-.002  7 

.0212 

32.3066 

U.oOOO 

7.5534 

155.51o352 

-.002  7 

.0166 

32.3989 

0 . 0 0 0 0 

7.5534 

157122/344 

-.0027 

.0121 

32.4234 

0.0000 

7.5534 

l5e;93o337 

-• 002  ? 

. 0 0 7 5 

32.4401 

0. yyoo 

7.5534 

1 60 . 643330 

-.o027 

.0030 

32.4491 

U.OOOO 

7.5834 

162. J5a323 

-.0027 

-.0016 

32.4502 

0 . OOUO 

7.5534 

164.’o6j316 

- . n02  7 

— • y 06 1 

32.4436 

0. UOOO 

7.5534 

KATOKAl  KEHlCO 

66.836586 

MAXIMUM  UEEueCTION 

32. 450250 

llbE  Tv>  MAXlMJb  UEl-LECIION 

164.063316 

i)U8 A 11  v^N/NA  1 lRAL  PlhIuO 

.2556V/ 

L0au/Hl51S 1 AnCE 

18.851596 

FLAblK  UEFLtCTIU6  LImIT 

.30 1309 

max  SPALL  vtLOCllY  F-l/btL  32.13^193 


«vALL  CoLLAPStS 

AVEHrtbi.  SCAb  VfLUCiiT  30.59 

MAX  SCAR  velocity  152.96 


EXAMPLE  4 HAND  CALCULATION  [3] 

|-i 29.5  ft.  — 

1 

3.7  ft.  ,, 

-* * w 


H 

h 

h/H 


17  ft. 

4.2  ft. 

4.2/17  = 0.25 


The  design  charge  weights  W are  equal  to  the  weight  of  explosive  W times 
a 1.2  factor  of  safety  times  a TNT  equivalency  factor  (e.g..  Composition 
B has  a factor  of  1.13).  The  maximum  design  charge  weight  is; 

W = W X 1.2  X 1.13  = 1,060  X 1.2  X 1.13  = 1,440  lb 
e 

To  determine  the  actual  capability  of  the  wall,  it  will  be  necessary  to 
know  blast  impulse  versus  weight.  The  following  impulse  values  are 
calculated  from  Reference  3.  For  the  sidewall  3.7  feet  from  the  weapon; 

N = 2 (two  adjacent  reflective  surfaces) 

1 = 17.8  ft 

h = 4.2  ft 

R = 3.7  ft 

a 

L = 29.5  ft 

H = 17  ft 

L/R  = 29.5/3.7  = 8.0 

a 

1/L  = 17.8/29.5  = 0.60 

L/H  = 29.5/17  = 1.74 

Z = R /W  in.^  = 
a a 


0.  34 


Blast  Impulse  on  Sidewall  for  Various  Design  Weights  of  Explosive 


L/H 

W 

(psi-mscc/lb^^^) 

?/L  = 0.50 

C/L  = 0.75 

C/L  = 0.60* 

1.50 

0.35 

1,181 

320 

280 

304 

0.50 

405 

190 

170 

182 

0.75 

120 

112 

100 

107 

1.0 

51 

77 

75 

76 

1.5 

15 

54 

49 

52 

3.0 

2 

34 

33 

34 

3.00 

0.35 

1,181 

480 

495 

486 

0.50 

405 

300 

280 

292 

0.75 

120 

175 

160 

169 

1.0 

51 

118 

110 

115 

1.5 

15 

70 

68 

69 

3.0 

2 

34 

32 

33 

174* 

0.35 

1,181 

333 

0.50 

405 

200 

0.75 

120 

117 

1.00 

51 

82 

1.5 

15 

55 

3.0 

2 

34 

* ij,  values  determined  by  linear  interpolation. 


For  1,440  lb,  i,. 

b 


360  X 11.2  = 4,032  psi-msec 
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I 

I 


Sidewall  Ultimate  Moment  Capacity  With  Three  Edges  Fixed 


Sidewall  Plan  View 

Ultimate  Moment 

For  rectangular  section  of  width  b with  compression  reinforcement, 


M 


u 


(A  - A *)f 
s s s 


A 'f 

+ ^ (d-d') 


f 


s 
DIF 

Since  A 


f^  (DIF) 


1.20 

A * 


M 


A ’f 
s s 


(d-d’) 


M 


uH 


0.44(60,000  X 1.20)(8.25) 
4 


65,340  in.-lb/in. 


M = 0. 44(72. 000)(9. 75)  ^ 77  220  in.-lb/in. 

uV  4 
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Yield  Line  Location 


L (^\m  \ 

— f 

29.5  ( 2 X 77,220 

— I 

17  \0.2  X 65,340/ 

= f [1.74(1.087)]  = f(1.89) 

= 0.97 

y = 0.97(17’)  = 16.5’  = 198  in. 

Ultimate  Resistance 


r 

u 


2 

y 


5(2  X 77,220) 
2 

198 


19.7  psi 


Maximum  Deflection 


For  sections  without  laced  reinforcement,  a maximum  support  rotation 
of  2 degrees  is  all  that  can  be  counted  on  since  buckling  of  the  compres- 
sion steel  will  occur  at  greeted  rotations. 

L tan  Or  29.5  x 12  tan  ^ ^ . 

X = r = t; = 6.18  in. 

m z z 


Section  Properties  - Modulus  of  Elasticity 


E 

c 

E 

s 

n = 
For  a 


I 

g 


A /in.  = 
s 


57,000/r^  = 57,000  v/s.OOO 


29  X 10 


E /E 
s c 


29  X 10 


= 7.  19 


4.03  X 10" 

1-inch  strip  the  gross  moment 


12 

0.44 

4 


144  in.^ 

0.11  in.^/in. 


= 4. 03  X 10^  psi 
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d = 


8.25  + 9.  75  . 

= Ti = 9 in. 


d = 9 + = 10.5  in. 

avg  2 

Moment  of  Inertia  of  Cracked  Section 


2 T 

b(K.)  /2  + (n  - 1)  A'd'  + nA  d K, 

<=  _s ‘ 


bK , + (n  - 1)  A'  + nA 
d s s 


d li.  = 1.3 


b = 1 inch 


A = A' 


s 

n 


s 

8.3 


0.11  in. 


(K^)  /2  -f  7.3(.11)(1.5)  4-  8. 3(. 11)10.5 

Q 

+ 7.3(.11)  + 8.3(.11) 
d 


.ivg 


K . 


0.5(K.)^  + 1.20  + 9.59  0.5(K,)^  + 10.79 

d a 


+ 0.80  4-  0.91 
d 


4-  1.71 
d 


(Kj)^  - 0.5(Kj)^  + 1.71  K,  - 10.79  = 0 

d d d 


(K^)  + 3.A2  - 21.58  = 0 

d d 


K 


d 


I 

c 


--3.A2  ± /o  .42)^  + 4(21.58) 
2 


-3.42  ± 9.90 
2 


3.24  in. 

1(3.24)^ 

3 

11.3  + 2.4  + 


7.3(0.11X3.24-1.5)^  + 8.3(0.11)(10.5-3.24)^ 
48. 1 = 61 . 8 in. ^/in. 
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Average  Moment  of  Inertia 


144  + 62  . 4,, 

I = ^ T = 103  in.  /in. 

a ^ L. 


by  Approximation  Method: 


S 0.  44  n nmc  • 2 , . 

p = -r — = -t .A  c = 0.0105  in.  /in. 

^ b , 4 X 10.  5 

d 


n = 7.2 

F = 0.0465 


/.  1 F,  3 
c be 


0.0465(1  in.)(10.5)^  = 54  in.^/in.  versus  61.8 

calculated  by  transformed  section 


First  Yield  Point 


Point  1 2 


H/L  = 17/29.5  = 0.38 
= 0.092 
= 0.215 
03  - 0.17 
= 0.023 

V = 1/6 


The  deflection  at  the  end  of  the  elastic  range  of  behavior,  x , is 

0 

determined  from: 

X D = yrH 
e 

2 

where  D = E^Ia/bCl-v  ) and  y is  obtained  from  the  applicable  figure. 
The  point  at  which  x^  occurs  is  determined  from 

M = 8rH^ 

which  is  used  to  see  which  point  reaches  M first. 

u 
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Point  1 . 


^ip  = 


r = 


= 65,340  = B,r(17  x 12)‘ 


65,340 


0.092(17  X 12) 


Y = 1.71  psl  for  Point  1 to 


reach 


'^P 


Point  2. 


M, 


HN 


= 65,340  = 32r(204)^ 


65,340 


0.21  5(204)^ 


= 7. 30  psi 


Point  3. 


”VN  ■ "uV  ■ 

77,220 


r = 


= 10.9  psi 


0.17(204)' 

Point  2 yields  first  at  a pressure  of  7.30  psi. 
yrH*^ 


D = 


E I 
c a 


3.49  X 10  X 103 


X 


b(l-v^) 

0.023(7.30) (204) 
8 


l(l-(1/6)^) 

4 


3.59  X 10  ,^8 

= 3.69x10 

1 (1-0.028) 


= 0. 79  inch 


3.69  X 10 
Second  Yield  Point 

Since  first  yield  occurs  along  the  sides,  both  sides  are  now  hinged, 
the  bottom  is  fixed  and  the  top  free.  For  H/L  = 0.58 

y,|  = 0.044 

= 0.121 

B.  = 0.275 
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X = X 4-  Ax  = 1.25  + 3.59  = 4.84  in. 

P ep 


K£  = 19.7/3.67  = 5.36  psi/in. 


Equivalent  Resistance  Deflection  Curve 

X = X (r  /r  ) + X (1-r  /r  ) + x (1-r  /r  ) 
E e ep  u ep  e u p ep  u 


= 0.79(9.53/19.7)  + 1.25(1-7.3/19.7)  + 4.84(1-9.53/19.7) 


= 3.67  in. 

Effective  Masses 

For  the  composite  wall  being  analyzed,  half  the  sand  contained 
between  the  walls  is  taken  with  each  wall  when  calculating  the  effective 
mass  of  each  wall. 

150  X lO^t  100  X lO^t 

^ _ c_  s_ 

“ ""c  s 32.2  X 1,728  32.2  x 1,728 

= 2,696(1)  + 1,797(1.5)  = 5,391  psi-msec^/in. 

m^  = 0.51(5,391)  = 2,749  psi-msec^/in. 
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at  first  yield  = 0.092  (7. 30) (204)^  = 27,949  in.-lb/in. 

at  first  yield  = 0.17  (7. 30) (204)^  = 51,645  in.-lb/in. 


AM^ 

to  second  yield  = M , - M,  = 

uH  1e 

65,340  - 

27,949  = 

37,391 

AM^ 

to  second  yield  = M , - M„  = 

uV  3e 

77,220  - 

51,645  = 

25,575 

Point  1 


Ar. 


Point  3 


AM 

(204)‘ 


37,391 

0.121  (204)‘ 


= 7.43 


AM, 


Ar. 


25,575 


0.275  (204)‘ 


0.275  (204)' 


= 2.23 


.’.  Point  3 reaches  second  yield  at 

r = 7. 30  + 2. 23  = 9. 53  psi 

ep 

, YArH^  0.044(2. 23) (204)^  „ . 

° 3.69  X 10® 

X = X + Ax  = 0.  79  + 0.A6  = 1.25  in. 

ep  e 

Third  Yield  Point 

The  three  supported  edges  are  now  hinged;  x will  occur  at  r 
Y and  B-  P ^ 

Ar  = r - r = 19.7  - 9.53  = 10.2  psi 

u ep 

for  L/H  = 0. 58 

Y^  = 0.075 

B^  = 0.217 


Ax 


0.075(10.2)(204) 


3.69  X 10 


8 


= 3.59  in. 


with 
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Effective  Natural  Period,  T 

n 


T 

n 


27T 


2tt 


27.49 

19.7/3.67 


142  msec 


Wall  Response  in  Flexure 

T =142  msec 
n 

Since  there  is  no  steel  lacing,  compression  steel  will  buckel  for 
0 > 2 degrees.  Thus,  the  wall  responds  with  limited  deflection  corres- 
ponding to  0 > 2 degrees  (x  <6.18  in.).  If  t < 3 t then  the  load  can 
4 j j ' m m o 

be  considered  as  an  impulse. 


1,  m 

b u E . a , ^ 

— = t; — + r (x  - x_) 

2m  2 m u m E 

a u 


= 2(3207)  [^9.7(3.671  ||01  9 7)  (5  ^ g - 3. 67)  ] 


b 

i. 


601,856 
776  psi-msec 


Shear  Loads  and  Capability 


y/H  = 0.07 
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Maximum  Support  Shear 


sH 


3r^L(2-y/H)  3 ( 1 9.  7)  (35A)  (2  - 0.97)  _ 

2(6  - y/H)  ■ 2(6  - 0.97) 


sV 


2V  . 3(J9..7)OH)..  . 2.340  lb/l„. 


= 0.18  bd  = 0. 18(4,000)(1)(10.5)  = 7,560  Ib/in. 

Support  shear  (2,142  and  2,340)  < Direct  shear  capability  (7,550) 
Maximum  Shear  at  d^  From  Support 


uH 


3r^(1  - 2 d^/L)(2  - y/H  - 2 d^y/LH) 
2d^/L(6  - y/H  - 8 d^y/LH) 


3(19. 7)(1  - 2 X 10.5/354)(2  - 0.97  - 2 x 0.03  x 6.97) 
2(.03)(6  - 0.97  - 8 x 0.03  x 0.97) 

= 188  psi 


V 


uV 


3r  (1  - d /y)‘ 
u c 


3(19. 7)(1  - 10.5/198)' 


d^/y(5  - d^/y)  10.5/198(5  - 4 x 10.5/198 


= 220  psi 


m = 0.85(1.9  4,000  + 2,500  X .0105)  = 128.4  <v 
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Building Date Page 


Card  Format  For  Computer  Program 


1 

Heading  ^ ^ 

Flag  % 

(^or  1 

2 

1 10 

11  20 

21  30 

31  40 

41  50 

51  60 

61  70 

71  72  73 

74  80 

W lb 

Expio  number 

l/d  ratio 

case/expio 

P amb  psia 

T amb  ° C 

Altitude  kft 

/O. 

/. 

o. 

3 

Ra  ft/i  psi  ms^ 

H ft 

L ft 

h ft/PO  psi* 

^ ft/tn  ms  ^ 

t sand 

F 

R 

L 

R 

6^7 

//, 

3. 

/ 

O 

/ 

4 

Fdc  PS' 

Fdv  PS' 

Tc  in- 

Theta  0 

N side 

^OoC- 

3 

5 

AjVT  in  2/ft 

AjVB  in.2/ft 

/iksHT  in  2/ft 

in  2/ft 

DVT  in. 

DVB  In. 

D'HT  in. 

D'HB  in. 

/,3  d 

A3Z 

/,S2 

/./  .2.  i' 

/./  2 S~ 

^ S'' 

Example  4.  Computer  Analysis 


IFST  CAbt  tAAVPL£ 

[Nl 

EAkLOSIvt  KHUPtKiIES wtloM(LR)  = U^O 

NOMHfR  tFcRc  tXPLUblVt  COMPOSIHON  HY  WclGnl 

t^CAL/G  C H N 0 AL 

1 l»nOv  **u7tjAi)0  »37u  *0^?  ♦Itib  #^23  0*Cuo 

PAMtl(HSlA)=  lAMd(C)=  20»y0 

CAbt  «ElGt-l  cOWWtcTlUK  lb  CR’JDt*  PSl  t>‘CEEUb  RANGE  OF  t APER 1 'lEN  I «L  OaTa, 


Shock  wave 

CALCUlA  T I ON 

IHRUT  RARArEIERS 

charge  weight  adjustments 

charge  *»E  IvjH  I (Lb)  * 

l44y 

adjusted  wI(LB  TNI)  = 

l44U 

EarlOSIve  i\OMbEn  * 

1 

HE  EnERC-T  k AC  I or  s 

1 .000 

L/U  RATIO 

= 

-0  . 

Charge  shape  factor  * 

1 .000 

CASE/CHaROl 

R 1 Ra  T I 0 = 

-0  . 

Case  weighi  factor  * 

1 .000 

chamber  RRuSSURE (PSIA) = 

14.69 

RRESSURt  SCALL  FACTOR* 

1 .ooc 

chamber  IEhP(C)  = 

20.00 

DISTANCE  Scale  factor* 

8.8542E-U2 

ALIITUDE  (^FI)  = 

•0  . 

time  scale  Factor  * 

8.9307E-02 

NORMAL  REFl  factor  * 

10.99 

desired  nlslANCt(FT)  = 

3. 7oO 

(CM)  = 

112.8 

TIME  after 

TlMt  AFTER 

INCIDEN) 

NORM  ReFL 

EaplOSIun 

SHOCK  ARh 

OVEkPhLSS 

OvERPRtSS 

(MSEC) 

(MSEC) 

(Rbl  ) 

(PSD 

. 1088 

i/  # 

37  jI 

4o  . 6646E * u3 

.2802 

. 171  A 

1167 

1 2 . H25oE ♦ y 3 

.3859 

• c57  1 

735.5 

8001 

.4515 

.3427 

4 7 7.6 

524b 

.5372 

. a284 

3 12.4 

3433 

.6229 

.51A  1 

2ul  .3 

2212 

.7086 

.5998 

124. C 

1363 

.7943 

.6855 

68.92 

757.3 

.88(10 

. 7712 

29.07 

319.4 

.9657 

.8569 

»J. 

0. 

IrtKULSE  (PsI.MbEc)-- 
INCIUEisI  = 634.2 

M£FU-ClED=  6968 

.....CAOl  1oN--C0nTACI  GUHf-ACE  HAS  AHRiVEO* 

OAiA  ARE  CRUDE  BEyOnu  T(RbEC)  aFt£R  SHCCN  ARRIVAL*  10.7695E-03 


INPO  T 

OiblANCt  OF  CnARoE  F Ri)M  8LAS 1 «ALL 

F 1 . 

3.70 

Charge  wEI(jhi 

LhS. 

l440 .00 

Blast  wall  heiohi 

FT  . 

o 

o 

• 

blast  wall  LEnGIH 

FT  . 

29.50 

HlIuHI  cF  charge  above  GHCONU 

F 1 . 

4.20 

min.  UlST.  BElwEEN  charge  ♦ AGJ.  waLL 

FT  . 

11.70 

RcFLEdlON  COdE 

10  0 1 

TurAL  IMPULSE  3V2b.4i>  RSI-mS 

DOKAlIU^  (JF  LoAU  S.4l/2»^  MSEC  - 


FiCIMIlUS  REAr.  pRESbURE 


l4AR.c’3bo^  P51 


LOKChETE  bl^-tNOTh 
DYNAmK  blEtc  STHtbS 
THICKNi.bb  CUNCfitlt  InChLS 
ThlCKNcSb  OF  SAND  iNCHLb 
IHEIa  MLLOvsAtiLE  Ut-oNEtb 


aPEm  vlHI  TvJh  STEEL/r  \ 
AHEa  vuwl  oul  SIEEL/M 

ahfa  m^hu  icf*  steel/ft 

AF'EA  M^KlZ  oCT  bTEtL/FT 

CUNC^iEiE  MtutLLiS  Pbl 
waTIo  ^.00  bltEL/COwCHt  TE 
(?^^CSb  •■'lOF'EM  INEHIIA 
aVE  cRaCNEG  nuf'  INeRIIa 
AvE  MOiv.EM  Inertia 
AVERaGu  RERCEMT  SIeEL 
0 FACToK  MEsi/6 
n facToh  nu=  i)-3 


5 0 U 0 . 0 0 

72o00 . 00 

12.0000 

3 b . 0 0 ('  0 

2.0u00 

i .32U0 

COVlW 

1.1250 

i .3200 

cover 

1.1250 

1 .3200 

cover 

1.8750 

1 .3200 

COVER 

J .8750 

A03Ubw9 
( •£() 
lAA.uO 

5b. ^2 

VV  .bl 
.0  105 

A lii963063 
4a1  Iti97b9 


ALlOw  ohEAH  e''JREINFUhCEO  '"'EB  \dc»l 0 RSI 
ALLOW  bHEAR  aT  SuPkOHI  7£Io.OO  PSi 

uNPElivr  OhCEO  CCNCHElt  TmETA  LE  2 OEG 


128H.31  LbS/lN  wlOlH 
75b0.u0  L8S/I^  wIOTH 


PUSlIIvE  vEhIICAL  moment  7T22u.OO 

NEGAFivt  VEhIICAL  i“i0^iENT  7?220»oO 

POSillvE  mLhIZCMAl  NiU^EfMl  b534u.no 

TvEOATlyE  HCKizO’'i1AL  ^*'U^'E^  I 6b34u.0U 


SE'PPUH  • ON  i SiUEb 
YIELU  cINE  Y ArtOvE  FLOOR 


Lb/IN  wlOlH 
Lb/IN  wIDTh 
Pbl 
Pbl 


LOCAlItuM  YIElO  EU'iE  length 
LUCATlvN  YIElO  LIi'jl  REIGhI 
ULIImAiE  LOml  CAPAOIIy  HU 
mOHIZ  bHEAH  i_UAU  A I buPPOHl 
vEHT  SnEAH  load  AT  SOPPOH T 
hOHIz  smear  aT  Ulbl  FhCm  bUPPJH I 
VEPI  bnEAHAT  OISI  FROM  SUPPQR • 


1 /7.00 
1V5.39 
2 0 • 2 c 7 A 

2220.10 
2371.30 
IV6.93 
211.30 


ALLOwAt3Lt  F'ax  CEFLECUC''! 


b.  Icb3 


LOAo  M«sb  Factor  .5o8r 

MASS  CuNCREIe  OIvLY  1J71.91 


FIHSI  rIhLO  t-OluI  Al  PT2 

ELASIK  LIMIT  HE  Pbl  ?.35 

ELASIIl  deflection  ne  .7229 


SEConU  YIELO  Al  PT  3 

ELAblO  PEAS  I 1C  LIMI 1 9. /9 

FLAbl O-PLAbT IC  OEFlECIION  l.lbOB 

ULTImaiE  HEblSTANCE  ' 20.23 

PLAbllC  deflection  a. 4639 


OLliMAlE  HEbiSIANCE  RO  2o.23 

ELASTIC  UEFleCUUN  LImIT  xE  3.J859 
SUFFNcSS  ^E  5.97 


NATOHAu  PErILI)  134.6A9555 

IP'POLSu  capacity  Oi\E  wAuL  82a. b2 

scallEu  Impulse  Caracuy  73.56 

SCALE.D  SAND  |HIC^NESS  .2bb3 

5CALE0  CONCHtTE  ThiCNNESS  .0888 


DISTRIBUTION  LIST 


SNDL 

Code 

No.  of 
Activities 

Total 

Copies 

- 

1 

12 

- 

1 

10 

FKAIC 

1 

3 

FKNI 

6 

6 

FKN5 

9 

9 

FA25 

1 

1 

- 

6 

6 
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